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(54) Pre-filled syringe 

(57) A pre-filled syringe (1 00) includes an outer cyl- 
inder (1 ) having a nozzle (2) sealed with a sealing mem- 
ber (4) and an opening formed at a rear end thereof; an 
inner cylinder (6) movable forward and rearward in the 
outer cylinder (1), forming a first space (9) between the 
inner cylinder (6) and an inner side of the front end of 
the outer cylinder (1), and having an opening formed at 
each of front and rear ends thereof; a first gasket (10) 
slidably accommodated in the inner cylinder (6) in a liq- 
uid-tight state; a second gasket (1 1 ) accommodated sl- 
idably In the inner cylinder (6) in a liquid-tight state and 
located rearward from the first gasket (10) and forming 
a second space (12) between the second gasket (11) 
and the first gasket (10); a plunger (13) attached at a 
rear end of the second gasket (11); a third gasket (14) 



installed at the front end of the inner cylinder (6) or In 
the vicinity of the front end thereof such that third gasket 
(14) is slidable in a liquid-tight state between the inner 
cylinder (6) and the outer cylinder (1); a first medicine 

(A) stored in the first space (9); and a second medicine 

(B) stored in the second space (12). The inner cylinder 
(6) has a portion, formed at the front end thereof, for 
preventing the first gasket (10) from slipping off from the 
opening formed at the front end of the inner cylinder (6); 
and a rib (15) extending from an inner side surface of 
the front end of the inner cylinder (6) in an axial direction 
of the inner to form a medicine duct for moving the sec- 
ond medicine (8) into the first space (9), when the first 
gasket (10) moves to the front end of the inner cylinder 
(6). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a medicine- s 
containing syringe (pre-filled syringe) In which two kinds 
of medicines are separately sealed. More particularly 
the present invention relates to a pre-filled syringe whicti 
has a simple construction, can be produced easily, can 
store two kinds of medicines, for example, a first solution io 
and a second solution or a solution and an powder reli- 
ably, separately, and for a long time, allows uniform and 
rapid mixing the two kinds of medicines to be accom- 
plished in administering to a patient or mixing to other 
medicine, and can be used sanitarily and conveniently, is 
[0002] To mix medicines with each other, medicines 
accommodated in ampoule bottles or vial bottles are 
sucked up with a needle and then mixed each other To 
inject a medicine to a patient, the medicine is sucked up 
with a needle. In recent years, to prevent microbism and 20 
foreign matter-caused pollution in an injection time or 
medicine-mixing time and reduce time and labor, widely 
used are a packed syringe into which sterilized medicine 
has been filled and a packed pre-filled syringe sterilized 
after a medicine Is filled thereinto. As the pre-filled sy- 25 
nnge. in addition to a one-solution type pre-filled syringe 
containing one kind of medicine, a two-chamber type 
pre-filled syringe containing two kinds of medicines sep- 
arately in two chambers is known widely. 
[0003] Most of the known two-chamber type pre-filled 3o 
syringes have a construction shown in Fig. 5A. A cylin- 
drical part 22 is partitioned into two chambers 25 26 
with two gaskets 23, 24; powdeiy or granular medicine 
(powder) A is sealed in the chamber 25 located at the 
front side of the cylindrical part 22; A solution B (solvent 35 
or solution for powdery or granular medicine sealed in 
chamber 25) is sealed in the chamber 26 located at the 
rear side of the cylindrical part 22. Otherwise, different 
kinds of solutions A and B are sealed in the chambers 

25 and 26, respectively. Fig. 5 shows the case in which 40 
the powder is sealed in the chamber 25 and the solution 
IS sealed in the chamber 26. 
[0004] In using the two-chamber type pre-filled sy- 
ringe Shown in Fig. 5A, a cap is removed from the sy- 
nnge and an injection needle is attached to the syringe 45 
A plunger 27 installed on the gasket 24 is pressed. The 
gaskets 23, 24 and the solution B sealed in the chamber 

26 located between both gaskets 23, 24 move forward 
When the gasket 23 moves to a bypassing projection 28 
formed radially outwardly at a portion of the cylindrical so 
part 22, a gap (duct) 29 is formed between the peripheral 
surface of the gasket 23 and the innerperipheralsurface 
of the cylindrical part 22. Through the gap (duct) 29 the 
solution B flows into the chamber 25 in which the med- 
icine (powder) A and the solution B are mixed with each 55 
other (dissolution of the powder A into the solution B) to 
form a mixed solution. The plunger.27 is pressed for- 
ward further to move the gaskets 23. 24 forwarxl further 



to Inject the mixed sdiSm to a patient through an injec- 
tion needle Installed at the front end of the cylindrical 
part 22. 

[0005] For commercialization, normally, the solution 
which is used for injection is sterilized with high- pres- 
sure vapor. The powder and the granule are liable to 
melt or modify when they are sterilized with the high- 
pressure vapor. Thus, they are sterilized by a different 
treatment (aseptic filling treatment or the like). There- 
fore, as the conventional methods of producing the two- 
chamber type pre-filled syringe, shown in Fig. 5A. con- 
taining the powder sealed in the chamber 25 and the 
solution sealed In the chamber 26, the following two 
methods (1) and (2) are carried out: 

Method (1): Refemng to Fig. 6. with the solution B 
sealed In a cylindrical member 22b that composes 
the cylindrical part 22 by using the gaskets 23 and 
24 or the gasket 23 and other sealing means (not 
shown), the solution B is sterilized with high-pres- 
sure vapor. Then, the powder A prepared separate- 
ly is filled into a cylindrical member 22a that also 
composes the cylindrical part 22. Thereafter, the cy- 
lindrical member 22a and the cylindrical member 
22b are connected in an aseptic atmosphere to 
compose the cylindrical part 22. 
Method (2): Referring to Fig. 7, the cylindrical part 
22c whose both ends are open is prepared. With 
the solution B sealed in the cylindrical part 22 by 
using the gaskets 23 and 24 or the gasket 23 and 
other sealing means (not shown), the solution B is 
sterilized with high-t pressure vapor. Then, the pow- 
der A prepared separately in an aseptic atmosphere 
IS introduced into the cylindrical part 22c from the 
opening at the front end thereof. Thereafter, a noz- 
zle 30 of the syringe Is Installed on the cylindrical 
part 22 at the front end thereof. 



[0006] However, the methods (1 ) and (2) are compll- 
cated in the producing process and much time and labor 
are required. In particular, the method (1 ) requires a high 
technique in connecting the cylindrical member 22b 
sealing the solution B therein and the cylindrical mem- 
ber 22a sealing the powder therein to each other accu- 
rately. 

[0007] The methods (1) and (2) are adopted to pro- 
duce the two-chamber type pre-filled syringe sealing the 
solution that can be sterilized with high- pressure vapor 
in one chamber and the solution susceptible to heat In 
the other chamber. In this case, a similar problem oc- 
curs. 

[0008] In the conventional two-chamber type pre- 
filled syringe shown in Fig. 5. let it be supposed that the 
plunger 27 Is pressed too strongly by mistake while the 
powder A and the solution B are being mixed with each 
other (see Fig. 5B) and that the gasket 23 passes the 
bypass 28 and rapidly moves to a position forward there- 
from. In this case, the gap (duct) 29 is closed before the 
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entire solution 6 flows into the cniRrkfer 25 sealing the 
powder A. Consequently, the solution B and the powder 
A are not mixed completely with each other. Thus, much 
care should be taken In using the two-chamber type pre- 
filled syringe. That is, the two-chamber type pre-fiiied 
syringe Is not easy to handle. 
[0009] As another problem of the conventional two- 
chambertype pre-filled syringe shown in Fig. 5, the gas- 
ket 23 which has moved to the position of the bypass 
28 during mixing of the solution B and the powder does 
not move to a rean^/ard position of the cylindrical part 
22 when the solution B flows into the chamber 25. 
Therefore, the chamber 25 should be designed to be 
large (length and diameter, namely, capacity) to flow the 
whole amount of the solution B into the chamber 25 and 
mix the solution B and the powder A sufficiently with 
each other in the chamber 25. Consequently, the entire 
two-chamber type pre-filled syringe becomes necessar- 
ily large. Further, the syringe consists of only the outer 
cylinder and the entire length of the syringe is long. 
Therefore, there is a room for improvement to allow the 
syringe to be compact to save energy and handled eas- 
ily and conveniently in injection and discarding times. In 
the conventional two-chamber type pre-filled syringe 
shown in Fig .5, there is one which is so designed that 
the gasket 23 and the gasket 24 are pressed to move 
toward the front end of the syringe while air is missing. 
It Is possible that liquid leakage occurs in the syringe at 
the time of a mixing operation,. 
[0010] It is an object of the present invention to pro- 
vide a two-chamber type pre-filled syringe that has a 
small number of component parts, can be produced in 
simple producing and assembling processes and with 
high productivity, and is safe and sanitary. 
[0011] It is another object of the present invention to 
provide a two-chamber type pre-filled syringe which is 
capable of easily and sufficiently mixing two kinds of 
medicines separately sealed therein without requiring 
skill so that a mixed solution Is used for injection to a 
patient or to a medical container. 
[001 2] It is still another object of the present invention 
to provide a two-chamber type pre-filled syringe that is 
compact to save energy and to be handled easily and 
conveniently in injection and discarding times. 
[001 3] It is stiil another object of the present invention 
to provide a two-chamber type pre-filled syringe in which 
while two kinds of medicines are being mixed with each 
other, liquid leakage does not occur. 
[0014] It is still another object of the present invention 
to provide a two-chamber type pre-filled syringe in which 
the degree of resistance to a pressing force (in other 
words, injection resistance) is low when a mixture of two 
kinds of medicines is injected to a patient and which al- 
lows a mixed medicine to be discharged smoothly. 

SUMMARY OF THE INVENTION 

[0015] The object of this invention is to provide a pre- 
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filled syringe that compn'SPBn outer cylinder having a 
nozzle, at a front end thereof, sealed with a sealing 
member or a dosed end and an opening fonmed at a rear 
end thereof; an innercylinder movable fonward and rear- 
5 ward in said outer cylinder, forming a first space be- 
tween said inner cylinder and an Inner side of said front 
end of said outer cylinder, and having an opening 
formed at each of front and rear ends thereof; a first gas- 
ket slidably accommodated in said inner cylinder in a 
10 liquid-tight state; a second gasket accommodated slid- 
ably in said inner cylinder in a liquid-tight state and lo- 
cated rearward from said first gasket and fomiing a sec- 
ond space between said second gasket and said first 
gasket; a plunger attached or attachable at a rear end 
15 of said second gasket; a third gasket installed at said 
front end of said Inner cylinder or In the vicinity of said 
front end thereof such that third gasket is slidable in a 
liquid-tight state between said inner cylinder and said 
outer cylinder; a first medicine stored in said first space; 
20 and a second medicine stored in said second space, 
wherein said inner cylinder has a portion, formed at said 
front end thereof, for preventing said first gasket from 
slipping off from said opening formed at said front end 
of said Inner cylinder; and a rib and/or a groove extend- 
25 ing from an inner side surface of said front end of said 
inner cylinder in an axial direction of said inner cylinder 
to form a medicine duct for introducing said second 
medicine into said first space, when said first gasket 
moves to said front end of said inner cylinder; and said 
30 inner cylinder moves automatically toward said rear end 
of said outer cylinder owing to rise of a pressure inside 
said first space caused by a flow of said second medi- 
cine into said first space which occurs as a result of a 
movement of said second gasket and a movement of 
35 said first gasket to said front end of said inner cylinder 
caused by a pressing force applied to said second gas- 
ket. 

[0016] Further, the object of this invention is to provide 
a pre-filled syringe that comprises an outer cylinder hav- 

40 ing a needle attached at a front end thereof and an open- 
ing formed at a rear end thereof; a slidable gasket ac- 
commodated in said outer cylinder; an inner cylinder 
movable forward and reanvard in said outer cylinder, 
forming a first space between said inner cylinder and 

45 said slidable gasket, and having an opening fornied at 
each of front and rear ends thereof; a first gasket slidably 
accommodated in said inner cylinder In a liquid-tight 
state; a second gasket accommodated slidably in said 
innercylinder in a liquid-tight state at a position rearward 

50 from said first gasket and forming a second space be- . 
tween said second gasket and said first gasket; a plung- 
er attached or attachable at said rear end of said second 
gasket; a third gasket installed at said front end of said 
innercylinder or in the vicinity of said front end thereof 

55 such that said third gasket is slidable in a liquid-tight 
state between said inner cylinder and said outer cylin- 
der; a first medicine stored in said first space; and a sec- 
ond medicine stored in said second space, wherein said 
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inner cylinder has a locking pM, formed at said front 

end thereof.forpreventingsaidfirstgasketfrom slipping 
off from said opening formed at said front end of said 
rnner cylinder: and a rib and/or a groove extending from 
an inner surface of said front end of said inner cylinder 
in an axial direction thereof to fomi a medicine duct for 
introducing said second medicine into said firet space 
when said first gasket moves to said front end of said 
inner cylinder; and said inner cylinder moves automati- 
cally toward said rear end of said outer cylinder owing 
to a nse of a pressure inside said first space caused by 
a flow of said second medicine into said first space 
which occurs as a result of a movement of said second 
gasket and a movement said first gasket to said front 
end of said inner cylinder caused by a pressing force 
applied to said second gasket, and said outer cylinder 
has a rib and/or a groove extending axially from an inner 
surface of said front end of said outer cylinder to form a 
medicine duct for flowing a mixed solution fomied by 
mixing said first medicine and said second medicine 
with each other in said first space to a position located 
forward from said slidable gasket, when said slidable 
gasket moves to said front end of said outer cylinder. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Fig. lAisaschematicviewshowingapre-filled 
synnge according to an embodiment of the present in- 
vention in the state before use. 
[0018] Rg. IB is a schematic view showing the pre- 
filled syringe shown in Fig. 1A in the state in which a 
plunger has been pressed to a certain extent. 
[001 9] Fig. 1 c Is a schematic view showing the pre- 
filled syringe shown in Fig. 1A in the state in which the 
plunger has been pressed to a stop position. 
[0020] Fig. 1 D is a schematic view showing the pre- 
filled syringe shown in Fig. 1A in the state in which a 
mixed medicine prepared in a first space is injected to 
a patient or a medical container through a nozzle. 
[0021] Fig. 2A is a cross-sectional view showing an 
example of a duct-forming portion for flowing a second 
medicine sealed in the pre-filled syringe shown in Fig 
IB into the first space accommodating a first medicine. 
[0022] Fig. 28 is a cross-sectional view showing an 
example of a duct-forming portion for flowing a second 
medicine contained in a pre-filled syringe according to 
another embodiment of the present invention to a first 
space accommodating a first medicine. 
[0023] Fig. 3 is a vertical sectional view showing an 
example of a third gasket of the pre-filled syringe of the 
present invention and an example of a construction for 
installing the third gasket on a front end of an inner cyl- 
inder of the pre-filled syringe. 
[0024] Fig. 4 is a vertical sectional view showing an 
example of a construction for connecting the plunger to 
the inner cylinder of the pre-filled syringe of the present 
invention when the plunger is pressed into the inner cyl- 
inder until the plunger stops in the inner cylinder 
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[0025] Figs. 5A is^iWrtlcal sectional view showing 
the construction of the conventional syringe in the state 
before use. 

[0026] Figs. 5B is a vertical sectional view showing 
the construction of the conventional syringe in the state 
in which a plunger has been pressed to a certain extent. 
[0027] Fig. 6 shows an example of a method of as- 
sembling the conventional two-chamber type pre-filled 
syringe. 

[0028] Fig. 7 shows another example of a method of 
assembling the conventional two-chamber type ore- 
filled syringe. 

[0029] Fig. 8 is a front view showing a typical pre-filled 
synnge of the present invention. 
[0030] Fig. 9 is a sectional view showing the pre-filled 
synnge. shown in Fig. 8, taken along a line A-A of Fig. 8 
[0031] Fig. 10 Is a sectional view showing the pre- 
filled syringe, shown in Fig. 8. in which a first gasket has 
reached a rib-forming portion formed on an inner sur- 
face of a front portion of an inner cylinder 
[0032] Fig. 11 is a sectional view showing the pre- 
filled syringe, shown in Fig. 8, in which an entire medi- 
cine in a second space has flowed into a first space and 
the inner cylinder has moved rearward, 
[0033] Fig. 12 is a sectional view showing the pre- 
filled syringe shown in Fig. 8 In an administration state 
of a medicine. 

[0034] Fig. 13 is a sectional view taken along a line 
B-BofFig. 10. 

[0035] Fig. 1 4 is a cross-sectional view showing a pre- 
filled syringe according to another embodiment. 
[0036] Fig. 15 is a partly enlarged sectional view 
showing the neighborhood of a third gasket of the pre- 
filled syringe shown in Fig. 8. 
[0037] Fig. 16 Is a partly enlarged sectional view 
showing the neighborhood of a rear end of the inner cyl- 
inder of the pre-filled syringe shown in Fig. ii . 
[0038] Fig. 17 Is a sectional view showing a pre-filled 
synnge according to another embodiment of the present 
invention. 

[0039] Fig. 18 is an explanatory view for explaining 
the operation of the pre-filled syringe shown In Fig. 1 7. 
[0040] Fig. 19 is a sectional view showing a pre-filled 
synnge according to another embodiment of the present 
invention. 

[0041] Fig. 20 is a sectional view showing a pre-filled 
synnge according to another embodiment of the present 
invention. 

[0042] Fig. 21 is a sectional view showing a pre-filled 
synnge according to another embodiment of the present 
invention. 

[0043] Fig. 22 is a sectional view showing a pre-filled 
synnge according to another embodiment of the present 

invention. 

[0044] Fig. 23 is a sectional view showing a pre-filled 
synnge according to another embodiment of the present 
Invention. 

[0045] Fig. 24 is a sectional view showing a pre-filled 
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syringe according to another emOilinent of tlie present 
invention. 

[0046] Fig. 25 is an explanatory view for explaining 
the operation of the pre-filled syringe shown in Fig. 21 . 
[0047] Fig. 26 is an explanatory view for explaining 
the operation of the pre-filled syringe shown in Fig. 21 . 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0048] The present invention will be described below 
in detail with reference to the drawings. 
[0049] A pre-filled syringe 1 00 of the present invention 
includes an outer cylinder 1 having a nozzle 2, at a front 
end thereof, sealed with a sealing member 4 or a dosed 
end and an opening formed at a rear end thereof; an 
inner cylinder 6 movable fonward and rearward in the 
outer cylinder 1 , forming a first space 9 between the in- 
ner cylinder 6 and an inner side of the front end of the 
outer cylinder 1 , and having an opening formed at each 
of front and rear ends thereof; a first gasket 10 slidably 
accommodated in the inner cylinder 6 in a liquid-tight 
state; a second gasket 1 1 accommodated slidably in the 
inner cylinder 6 in a liquid-tight state and located rear- 
ward from the first gasket 10 and forming a second 
space 12 between the second gasket ll and the first 
gasket 1 0; a plunger 1 3 attached or attachable (installed 
or installable) at a rear end of the second gasket 11 ; a 
third gasket 1 4 installed at the front end of the inner cyl- 
inder 6 or in the vicinity of the front end thereof such that 
third gasket 1 4 is slidable in a liquid-tight state between 
the inner cylinder 6 and the outer cylinder 1 ; a first med- 
icine A stored In the first space 9; and a second medicine 
B stored in the second space 12. The inner cylinder 6 
has a portion, formed at the front end thereof, for pre- 
venting the first gasket 10 from slipping off from the 
opening formed at the front end of the Inner cylinder 6; 
and a rib (or projection) 15 and/or a groove extending 
from an inner side surface of the front end of the inner 
cylinder 6 in an axial direction of the inner to form a med- 
icine duct for moving the second medicine B into the first 
space 9, when the first gasket 1 0 moves to the front end 
of the inner cylinder 6. The inner cylinder 6 moves au- 
tomatically toward the rear end of the outer cylinder 1 
owing to rise of a pressure inside the first space 9 
caused by the flow of the second medicine B into the 
first space 9 which occurs as a result of a movement of 
the second gasket 1 1 and a movement of the first gasket 
10 to the front end of the inner cylinder 6 caused by a 
pressing force applied to the second gasket 11 . The rib 
1 5 and/or a groove preferably located between the front 
end of the inner cylinder 6 and the first gasket 1 0. 
[0050] That is, the present inventors have made in- 
vestigations and found that the following construction 
can achieve the object of the present invention: That is, 
the two-chamber type pre-filled syringe Is constructed 
of the outer cylinder having the nozzle at Its front end 
and the opening at Its rear end; and the Inner cylinder 



having the opening ateaoVits front and rear ends and 
movably inserted into the outer cylinder. The inner cyl- 
inder accommodates the first gasket and the plunger- 
provided second gasket both slidably movable therein. 

5 The first medicine is sealed in the space formed in the 
front side of the outer cylinder. The second medicine Is 
sealed in the space located between the first gasket and 
the second gasket both accommodated in the inner cyl- 
inder. When the first gasket moves to the front end of 

10 the inner cylinder, the second medicine flows into the 
space sealing the first medicine therein through a gap 
or a bypass duct fonmed of the conveixity and/or thecon- 
cave groove formed on the inner surface of the front side 
of the inner cylinder. The inner cylinder moves automat- 

15 ically rearward owing to the rise of the pressure inside 
the space caused by the movement of the second med- 
toine B into the space formed in the front portion in the 
outer cylinder. The third gasket for sealing the space be- 
tween the inner cylinder and the outer cylinder is in- 

20 stalled at the front end of the inner cylinder or in the vi- 
cinity of the front end thereof. 
[0051 ] That is, the two-chamber type pre-filled syringe 
having the above-described construction has a small 
number of component parts, can be assembled/manu- 

^5 factured easily, and is safe and sanitary. Further, the sy- 
ringe allows two kinds of medicines sealed separately 
therein to be mixed with each other easily and sufficient- 
ly without taking particular care. Further, because the 
syringe is compact, it is energy-saving and can be con- 

30 veniently handled in an injection and discarding times. 
In addition, there is no liquid leakage from the syringe. 
Furthermore, because there is no duct resistance in an 
injection operation and a mixed medicine -can be 
smoothly discharged from the syringe. 

35 [0052] The body of the pre-filled syringe 100 of the 
present Invention includes the outer cylinder 1 having 
the sealed nozzle at Its front end and the opening at its 
rear end; and the inner cylinder 6 inserted into the outer 
cylinder from the opening formed at the rear end of the 

40 outer cylinder, with the space fonmed in the front portion 
inside the outer cylinder. 

[0053] It is preferable that the outeroylinder 1 and the 
inner cylinder6 are cylindrical to move the inner cylinder 
forward and reanA^ard smoothly in the outeroylinder and 

45 seal the gap between the peripheral surface of the inner 
cylinderandtheinnerperipheral surface of the outeroyl- 
inder easily and smoothly by the third gasket. 
[0054] The nozzle 2 formed at the front end of the out- 
er cylinder 1 can be sealed with any of the known sealing 

50 means. The following sealing nneans can be adopted: a 
construction having a nozzle whose front^nd is closed; 
a construction having a sealing film, made of rubber or 
synthetic resin, bonded to a front end of a nozzle with 
an adhesive agent or a solvent; and a construction in- 

55 eluding a tapered nozzle having a tapered sealing cap 
4 installed thereon by means of engagement therebe- 
tween or by means of screw engagement between the 
nozzle and the sealing cap 4 as shown in Fig. 1 A show- 
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ng an embodiment Of the preWnvention. In adopting 
the construction having the nozzle whose front end is 

nS' ^'T.^^^' ' P"'*'''" formed on the 

penphery of the vicinity of the front end of the nozzle 2 
a rnernber which can be opened by destroying a thread 
formed thereon ,s formed at a position forward from the 

manually destroying the thread formed on the member 
wh^^hcanbeopenedwhenthesyringeisusedan^^^^^^^^ 

f nf?h?^ . ^ ^^'9- front end sur- 

hafthl rn f ? ' rubbers or the like such 
that the front end surface of the cap 4 is pleroeable In 
this case it is possible to inject a medicine to a pa«em 
brernovingthecapfromthenozzleandconnec^^^^^^^^^^ 

mortil "® ^ t'«"sf"sion medicine accom- 
hP^rfin bag by connecting a double- 

ELe'nd?r°^''"'?''' °P^"'"9 front 

con JtrSn L^' ""'"'"S fr*^"^ fias a locking 
construction for keeping the first gasket 1 0 and the sec 

cylinder The locking construction has a flanae 6a fac 
mg -Bdiany inward, formed at the opening a't the 'f^o^ 
end Of the inner cylinder 6 to make the inner diamete 
Of he opening at the front end thereof smaller than the 

[0056] The outer diameter of the inner cylinder 6 is a 
Jtleso^alterthantheinnerdiameterofthererc;^^^^^^^ 
to altow the inner cylinder smoothly move forward and 
rearward without the inner cylinder being sSn tter 

ameter of the inner cylinder should be smaller than the 

in?f Jl , J ^"'^ 'e"9t»i Of each of the 

outer cylinder i and the inner cylinder 6 can be deter 

stnlT''"' °' ' '"^^'^'■"^ Te 
syr nge the amount of the medicine necessary for in- 

and the thickness of each of the outer cylinder and he 
inner cylinder It is preferable to set the length o the por 

zie to 0.8 - 1 .0 times as large as the length of the inner 
cylinder ,0 allow the syringe of the present inventi n to 
be compact after the first medicine A and the second 

iSrsL'T '''' '''''''' ' -'-^ 

« a med^ai 

[0058] Thethicknessofeachoftheoutercylinderand 
he inner cylinder is not limited to a specified one re 
spectively, but can be determined according to the Wnd 
and strength of a material of the outer cylinder and he 
mner cylinder Preferably, the thickness of each of he 
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outer cylinder and thl» 
of 0.5 to 3mm. 

EL J'':''"9 inner cylinder 6 into the outer 
^ inder 1 , the closed space (hereinafter referred to as 
f.rst space) 9 is formed between the inner side of front 
end of the outer cylinder l and the front end of the inne 

roSof ' T'' '''' ^ f'-^t space 9 

[0060] The second medicine B is filled into the inner 
cy nder 6 afterthe first gasket io is slidably accoZo 
da ted ,n the mnercylinder 6. Then, afterthe LonZs- 
6 he 1?^ «5^o«ed into the inner cSer 
6 the second medicine B is stored in the closed space 
hereinafter referred to as second space) 12 beSeen 
the first gasket and the second gasket 

J'^^P'-e-f'edsyringe 1 00 of the present inven- 
hon can be produced easily as follows: The outer cynn- 

fi rnnL T ^" " ^'^P^'^^" "^^^^ ''^e inner Cylinder 

soace iThP^' 'T' ^ second 

space 12 between the first gasket 10 and the second 

gasketilispreparedseparateVfromtheoutercS 
^^Then the inner cylinder is inserted into the outer cyl- 

[0062] According to the present invention, when the 
second medicine B flows into the first space 9 the inne^ 
<J^.nder 6 automatically moves reanva?^, togeSe with 
he third gasket 14 installed at its front end owing toThe 
nse 0 the internal pressure inside the first space 9 Z 
a esult, the volume of the first space increases There^ 

first med.c.ne<ontaining outer cylinder 1 . it is possible 
to des,gn the pre-filled syringe such that he volSTf 
the rst space 9 has a necessary minimum size. There 

toberpr'^'"^^'''^^""^^''^^*^^^^^^^^^ 
[0063] The sterilizing treatment of the pre-filled sv 
nnge 1 00 is made according to the kind andTea resist 
ant charactenstfc of the fir^t medicine and the 

medicinetobesealedtherein. Forexample letttbrsun 
posed that the first medicine A is a powder ora scSutfon 

secS ''''"^'''^ -d 'h« the 

Sse aftTfthe 1 ' solution. In this 

case after the second medicine B is sealed in the sec- 
ond space Of the inner cylinder between the fir^t gasket 

lied Wit B is steri! 

hzed with high-pressure vapor. The first medicine A is 
stenlized by a method other than sterilization with hfoh 

taZ. , T '""^^ ^""der is inserted 

into the outer cylinder accommodating the sterilized fiS 

oZ fiS,T.?"T''' ' ^"PP^^^'^ '-^'t each 
Of the first medicine A and the second medicine B is a 

hem-resistent solution. In this case, the inner cylinder 

accommodating the second medicine B sealed 172,0 

oZmh'"'','''*''" Sas'^e' a"'^ the slnd 
gasket thereof is inserted into the outer cylinder accom 
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20 



modating the first medicine A in 1HISM$t space located 
in the front portion thereof. Then, the entire pre-filled sy- 
ringe is sterilized with high- pressure vapor. 
[0064] It is necessary that the first gasket 1 0 and the 
second gasket 11 accommodated in the inner cylinder 5 
6 have a configuration and construction capable of stor- 
ing the second medicine B tightly in the dosed second 
space 12 and sliding smoothly and liquid-tightly in the 
inner cylinder. That is, the configuration and construc- 
tion of the first gasket 10 and the second gasket 11 Is io 
determined according to the configuration of the inner 
periphery of the inner cylinder and the configuration of 
the opening of the front end thereof. Preferably, the first 
gasket 1 0 and the second gasket 11 have a shape of a 
short column (disk) or a column having a conical front 
end portion. For example, the first gasket 10 and the 
second gasket 11 have a shape of the column having 
the conical front end portion and are accommodated in 
the inner cylinder, with the apex of the conical front end 
portion of each of the first gasket and the second gasket 
facing the front side of the inner cylinder. This construc- 
tion allows a fonward movement of the second gasket 
1 1 , the second medicine B sealed in the portion located 
forward from the second gasket 11 , and the first gasket 
10, when the plunger 13 installed on the second gasket 25 
11 Is pressed. When the first gasket 10 is moved to the 
position of the convexity 15 (rib) and/or the concave 
groove, formed on the front portion of the Inner cylinder, 
for flowing (or introducing) the second medicine B into 
the first space 9, it is possible to flow the second medi- 30 
cine B into the first space smoothly and without waste. 
[0065] It is necessary that the plunger 13 installed to 
the second gasket 11 has a configuration and construc- 
tion capable of slidably moving the second gasket 11 
smoothly in the inner cylinder 6. The following types of 35 
plungers are conceivable: a type fixed to the rear end of 
the second gasket 1 1 or a type that is installed on the 
rear end thereof when the pre-filled syringe 1 00 is used, 
as shown in Fig. 9. In the type of the plunger that is in- 
stalled on the second gasket 1 1 when the pre-filled sy- 
ringe 100 is used, the entire syringe Is short and thus a 
compact packing containercan be used. Further, it does 
not occur that the second medicine B flows into the first 
space 9 during transport. In the syringe 1 00 of the em- 
bodiment shown In Fig. 9, the second gasket 11 has a ^5 
concave portion having a female screw formed on the 
inner surface of the rear end thereof. The plunger 13 
has a projection portion having a male screw, formed at 
its front end, engaging the female screw formed on the 
concave portion. so 
[0066] The length of the plunger 1 3 is so set that when 
It Is pressed Into the innercylinder in such an extent that 
it cannot be moved further therein, its rear end projects 
in an operable length from the rear end of the inner cyl- 
inder. To move the plunger 13 and the inner cylinder 6 55 
together when the plunger is pressed into the innercyl- 
inder in such an extent that it cannot be moved further 
in the innercylinder, it is preferable to provide the vk^inity 
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of the rear end of each dWFplunger 13 and the inner 
cylinder 6 with a connection means for connecting them 
to each other to accomplish an injection to a patient and 
to a medical container with high operability. In other 
words, it is preferable to provide the innercylinder 6 with 
an engaging mechanism and the plunger13 with an en- 
gaging mechanism which engages the engaging mech- 
anism of the inner cylinder 6, when the plunger 13 in- 
stalled on the second gasket 1 1 is pressed into the inner 
cylinder in such an extent that it cannot be moved for- 
ward further therein, thus preventing a rearward move- 
ment of the plunger 13. The engaging mechanism has 
an inner cylinder-side engaging portion consisting of a 
projection 20 or a concave portion provided to the Inner 
surface of the inner cylinder 6 at a position in the vicinity 
of the rear end thereof and a plunger-side engaging por- 
tion consisting of a projection 21 or a concave portion 
provided to the peripheral surface of the plunger 13 at 
a position in the vicinity of the rear end thereof. The pro- 
jection 20 or the concave portion and the projection 21 
or the concave portion make a convex/concave engage- 
ment or a convex/convex engagement. 
[0067] The connection means (engaging mechanism) 
is not limited to a specific one, but it is possible to adopt 
any connection means so long as it connects tengages) 
the inner cylinder and the plunger to each other prefer- 
ably. For example, the projection or the concave portion 
is fonmed at a position in the vicinity of the rear end of 
the inner surface of the innercylinder. Similarly, the pro- 
jection or the concave portion engaging the projection 
or the concave portion of the innercylinder is formed at 
the rear end of the plunger to connect the innercylinder 
and the plunger to each other through the engagement 
between the projection and the concave portion or be- 
tween both projections. The projection and the concave 
portion may be formed entirely or partly on the inner pe- 
ripheral surface of the inner cylinder in the vteinity of the 
rear end thereof. 

[0068] In the pre-filled syringe 1 00 of the embodiment 
shown In Figs. 8 through 11, as shown in Fig. 16, an 
annular rib 20 Is formed radially Inward on the inner sur- 
face of the Inner cylinders in the vicinity of the rear end 
thereof. Two ribs 21 projecting radially outward is 
formed in the vicinity of the rear end of a sectionally 
cross shaft of the plunger 13. When the rib 21 of the 
plunger 13 rides over the annular rib 20 of the innercyl- 
inder 6 as a result of pressing the plunger 13, the ribs 
20 and 21 engage each other and prevent the rearward 
movement of the plunger In resistance to a force (resil- 
ient force generated against compression of the first 
space) of pressing the plunger rearward. 
[0069] It is possible to fonn one convexity 1 5 or a plu- 
rality thereof and/or one concave groove or a plurality 
thereof on the inner surface of the front side of the inner 
cylinder in the axial direction thereof. As described pre- 
viously, the convexity 1 5 serves as the means forf lowing 
the second medicine B into the first space 9 containing 
the first medicine A, when the first gasket 10 moves st- 
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•dably to the front end of the iiflircylindere. To flow the 
second medicine B into the first space 9 at a high speed 
and uniformly, it is preferable to form a plurality of the 
convexities 15 and/or the concave grooves on the inner 
surface of the front side of the inner cylinder at regular s 
intervals or at regular central angles. In this case, the 

numberof convexities and/ortheconcavegrooves is not 
limited to a specific one. but preferably, lies in the range 
Of 2 to 12. The length of the convexities 15 and/or that 
of the concave grooves to be formed on the inner sur- io 
ace of the front side of the inner cylinder should be a 
little longer than the thickness (length of the first gasket 
in the axial direction of the inner cylinder) of the firet gas- 

[0070] As shown in Fig. 13, when the first gasket 10 is 
moves forward to the position of the convexity is the 
convexity 1 5 presses the side surface of the first gasket 
10 radially inward. As a result, a gap is formed between 
the pressed portions of the side surface of the fir^t gas- 
ket lo and the inner surface of the inner cylinder 6 The 20 
gap thus formed serves as a duct 16 for allowing com- 
muncation between the first space 9 and the second 
space 12. The second medicine B flows into the first 
space 9 through the duct 16. 

[0071] In the case where a concave groove I5b is 25 
formed on the inner cylinder, as shown in Fig. 1 4 when 
the first gasket 10 moves forward to the position' of the 
concave groove 1 5b, the concave groove 1 5b serves as 
a bypass duct 17 allowing communication between the 
first space 9 and the second space 12. The second med- so 
icine B flows into the first space 9 through the bypass 
duct 17. 

[0072] The pre-filled syringe of the present invention 
IS so designed that owing to the rise of the pressure in- 
side the first space caused by the movement (inflow) of 3s 
the second medicine B to the first space, the inner cyl- 
inder and the third gasket installed thereon move rear- 
ward automatically. In other words, the inner cylinder 6 
moves automatically in the rearv/ard direction of the out- 
er cylinder 1 owing to the movement of the second gas- 4o 
ket 1 1 and that of the first gasket 1 0 to the front side of 
he inner cylinder caused by the pressing force applied 
to the second gasket 11 and the rise of the pressure in- 
side the first space 9 caused by the flow of the second 
medicine B into the first space 9 which occurs as a result « 
of the movement of the second gasket 1 1 and that of the 
first gasket 10 to the front side of the inner cylinder The 
reanward movement of the inner cylinder 6 and that of 
the third gasket 14 owing to the rise of the pressure in- 
side the first space 9 can be achieved by sufficient seal- so 
ing (in other words, resistance to sliding movement) to 
be performed by the third gasket 14. That is, it is nec- 
essary to sufficiently seal (in other words, holding of liq- 
uid-tight performance) the gap between the peripheral 
surface of the front side of the inner cylinder and the ss 
portion Of the inner peripheral surface of the outer cyl- 
inder located on the peripheral surface of the front side 
of the inner cylinder. It is also necessary to facilitate the 



slidable movement dWthird gasket (in other words 
low resistance to sliding movement is necessary) in the 
outer cylinder. The configuration and construction of the 
third gasket 1 4 are not limited to a specific one so long 
as the third gasket 14 is capable of satisfying the above- 
descnbed two conditions. As a typical example of the 
construction of the third gasket satisfying the above-de- 
scnbed two conditions, the third gasket 14 has an an- 
nular construction having an annular lip portion contact- 
ing the innerperipheralsurface of the outercylinder The 
third gasket 14 having such a construction is unremov- 
ably installed on the front end of the inner cylinder by fit- 
in method or other fixing methods. For example as 
Shown in Fig. 15, it is conceivable to form the annular 
hp portion that becomes larger in its diameter and thin- 
ner gradually toward ite front end. 
[0073] The outer cylinder 1 , the inner cylinder 6 and 
the plunger 13 of the pre-filled syringe of the present 
invention can be formed of materials that are not de- 
formed by a pressure or an extemal force during use 
For example, rigid synthetic resin, glass, ceramics, met- 
al orthe like can be used. It is preferable to use synthetic 
iBsins that are transparent and thus allow contents of 
the pre-filled syringe to be checked, are lightweight re- 
sistant to fracture, moldable, and economical. Thus 'the 
following rigid andtough synthetic resins are preferable- 
thermoplastic resin, for example, olyethylene; polyiso- 
prene; polybutene; polymethylpentene-1 ; polybutadi- 
ene resin; polyolefin family resin such as cycito polyole- 
fin; olefin copolymer such as ethylene- a - olefin copol- 
ymer; vinyl Chloride resin; polyvinyl alcohol; polyvinyl 
acetal; polyvinyl acetate; ethylene-vinyl acetate copoly- 
mer; polyvinylidene chloride; polystyrene; acrylic resin- 
polyester resin such as polyethylene terephthalate' 
polybutylene terephthalate, polyethylene naphthalate' 
polyamide, polysulfone, polycarbonate, polyether and 
polyphenylene sulfide; and thermosetting resin, for ex- 
ample, epoxy resin, phenol resin, and polyurethane 
The outer cylinder, the inner cylinder, and the plunger 
may be formed of one synthetfc resin selected from the 
above ones respectively or a mixture of two or more 
kinds of the synthetic resins respectively. The outercyl- 
inder, the inner cylinder, and the plunger may have a 
single layer fonmed of one kind of the synthetic resin re- 
spectively or a laminated structure formed of a plurality 
of resinous layers. The synthetic resin composing the 
outercylinder and the inner cylinder should be selected 
in consideration of barrier property thereof and the like 
in conrespondence to the kind of medicine sealed in the 
first space and the second space and chemical stability 
Of the medicine against oxygen and the like. It is prefer- 
able to use polypropylene or cyclic poVolefin as the ma- 
terial of the outer cylinder, the inner cylinder, and the 
plunger, because the polypropylene or the cyclic poly- 
olefin can be shaped into the outer cylinder, the inner 
cylinder, and the plunger easily and smoothly by injec- 
tion molding and because the polypropylene and the cy- 
clic polyolefin have favorable barrier properties to gas 
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are resistant to medicine, and aKc^e. 
[0074] The material to compose the first gasket 10, 
the second gasket 11, the following-described fourth 
gasket 301 and slidable gasket 401 the third gasket 14 
is not limited to a specific one. Elastic materials having 
sealing property (in other words, gas-tight property) can 
be used. Thus the following elastomers can be used: 
natural rubber, Isoprene rubber, butyl rubber, butadiene 
rubber, styrene-butadiene rubber, silicone rubber, sty- 
renebutadiene-styrene block copolymer, hydrogenated 
styrene- butadiene copolymer, hydrogenated styrene- 
ethylene-butylene-styrene block copolymer, ethylene- a 
-olefin copolymer rubber, elastomer of polyurethane 
family, elastomer of polyamide family, elastomer of pol- 
yester family, and mixtures of these substances. Butyl 
rubber, silicone rubber, and elastomer of styrene family 
can be preferably used because they are resistant to 
medicine. In the case where the medicine is sterilized 
with high- pressure vapor, vulcanized isoprene rubber, 
vulcanized butyl rubber, vulcanized styrene-buta- 
dienestyrene block copolymer can be preferably used 
to compose the first gasket 10, the second gasket 11, 
and the third gasket 14. The rubber or the elastomer for 
sealing the nozzle can be composed of the above-de- 
scribed elastic materials that are used to fomi the gas- 
kets. 

[0075] To enhance the sliding performance of the first 
gasket, the second gasket and/or the third gasket and 
the fourth gasket, a resinous layer consisting of Teflon 
and the like that reduces sliding resistance may be 
formed on the inner peripheral surface of the outer cyl- 
inder and/or the inner cylinder. 
[0076] It is preferable to use a heat-resistant material 
for component parts of the present Invention to be ster- 
ilized with high-pressure vapor. 
[0077] The kind of the first medicine A sealed in the 
first space 9 and the second medicine B sealed in the 
second space 12 are not limited to specific ones. The 
following medicines can be used: antibiotic, anti-malig- 
nant tumor, medicines for allergy, hormone medicines, 
metabolic medicines, medicines for use in chemothera- 
py, blood derivatives, biological product, medicines for 
the circulatory system, medicines for the digestive sys- 
tem, medicines for respiratory system, medicines for 
promoting nutrition, vitamins, minerals, saccharide, 
electrolytes, distilled water, solvents and the like. Addi- 
tives such as dissolution auxiliary, stabilizer, preserva- 
tive, indolent medicine, and emulsifying medicine may 
be added to the above medicines as necessary, it is 
preferable that the first medicine stored in the first space 
Is a powder such as a granule or a solution and that the 
second medicine stored in the second space Is a solu- 
tion (Including distilled water and solvent). The second 
medicine flows smoothly into the first space from the 
second space, and mixing (dissolution) of the first med- 
icine and the second medlclrie can be facilitated in the 
first space. 

[0078] In using the pre-filled syringe 100 of the 



3 826 A1 16 

present invention, the pf|^ 13 installed on the sec- 
ond gasket 1 1 1s pressed to move the second gasket 1 1 , 
the second medicine B sealed in the space located for- 
ward from the second gasket 11 . and the flrst^asket 10 

5 toward the front end of the inner cylinder 6. When the 
first gasket 10 is slidably moved to the position of the 
convexity 15 and/or the concave groove formed in the 
front portion of the inner cylinder, the second medteine 
B in the second space 12 moves (flows or Introduces) 

10 into the first space 9. At this time, owing to the rise of 
the pressure inside the first space 9 caused by the flow 
of the second medicine B thereinto, the first medicine A 
and the second medicine B are sufficiently mixed (dis- 
solved) with each other in the first space, with the inner 

15 cylinder 6 and the third gasket 14 moving (with the first 
space expanding) reanvard automatically. Upon com- 
pletion of the mix (dissolution), a needle Is connected to 
the nozzle and the plunger Is moved fonvard again to 
inject the medicine to a patient. Instead of connecting 

20 the needle to the nozzle, a connector or a double-head- 
ed needle may be connected thereto to Inject the med- 
icine to a medical container or the like. 

EXAMPLES 

25 

[0079] The examples of the pre-fllled syringe of the 
present invention are described in detail with reference 
to the drawings. However, the pre-filled syringe of the 
present invention Is not limited to the embodiments 
30 shown in the drawings. 

[0080] Fig. 1 is a schematic view showing a vertical 
sectional surface of a typical pre-filled syringe of the 
present invention. 

[0081] Fig. 1 A is a schematic view showing a pre-filled 

35 syringe according to an embodiment of the present In- 
vention in the state before use. Fig. IB is a schematic 
view showing the pre-fllled syringe shown in Fig. i A In 
the state in which a plunger has been pressed to a cer- 
tain extent. Fig. 1 CIS a schematic view showing the pre- 

40 filled syringe shown in Fig. 1 A in the state in which the 
plunger has been pressed to a stop position. Fig. ID is 
a schematic view showing the pre-fllled syringe shown 
in Fig. 1 A in the state in which a mixed medicine pre- 
pared In a first space is Injected to a patient or a medical 

45 container through a nozzle. Fig. 8 Is a front view showing 
a typical pre-filled syringe of the present invention. Fig. 
9 is a sectional view showing the pre-filled syringe, 
shown In Fig. 8, taken along a line A-A of Fig. 8. Fig. 10 
Is a sectional view showing the pre-filled syringe In 

50 which a first gasket has reached a rib-forming portion 
formed on an inner surface of a front portion of an inner 
cylinder. Fig. 11 is asectlonalviewshowing the pre-fllled 
syringe in which an entire medicine In second space has 
flowed to the first space and the inner cylinder has 

55 moved to the rear end of the outer cylinder. 

[0082] As Shown in Figs. 1 A, 8 through 11 , the outer 
cylinder 1 formed of polypropylene, cyclic polyolefin or 
a material selected from the above-described materials 
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ZTn^ -^ ^ ^ ''Piling 3 at its 

rear end. The nozzle 2 is sealed with the sealing cap 4 
incorporating a sealing material 5 such as rubber The 
inner cylindere having the openings 7, 8 at its frontand 
rear ends respectively is inserted movably forward and 
rearward into the outer cylinder 1 from the opening 3 
thereof, such that the first space 9 is formed in the front 
portion of the outer cylinder i. m the inner cylinder 6 
the second space 12 is fomied between the firet and 
second gaskets 10 and 11 which are spaced at a pre- 
determined interval and slidably movable, with the apex 
IT-, f"'?*"*'"" °' ^^'^^^ Of the first and second gas- 
J' I "'"^^ °f '""er cylinder. As 

described previously, each of the first gasket and the 
second gasket is made of butyl rubber, any one of the 
above-described rubbers or elastomer and has a shape 
0 a column having a conical front end portion The 
P unger 13 formed of polypropylene or the like is in- 
stalled on the second gasket li. 
[0083] The third gasket 14 sealing the gap between 
he mner cylinder 6 and the outer cylinder i and slidable 
in the outer cylinder l is installed at the front end of the 
inner cylinder 6 or at a position in the vicinity of the front 
end thereof. The opening 7 of the inner cylinder 6 at its 

radially inward is shown in Figs. 1 , and 9 to 12) for pre 
venting the first gasket io and the second gasket il 
from Slipping off from the inner cylinder 6. That is the 
diameter of the opening 7 is set smaller than that of each 
Of the first gasket 10 and the second gasket 1 1 . More 
specifically, as shown in Figs. i a and 9. the front end of 
the inner cylinder 6 is formed as a small-diameter por- 

inward). The inner cylinder 6 has the annular concave 
portion at its front end to install the third gasket 14 ther- 
eon. The first medicine (powder)A is stored in the first 
space 9. whereas the second medicine (solution) B is 
stored in the second space 1 2. 
[0084J On the innerperipheral surface of the front side 

fr-.^lT'T"'''^' ^' '"^'^ convexities 
(ribs 15 and/or the concave grooves (in the embodi- 
ment shown in Fig. 1 and 9. the convexity (rib) is formed) 
at regular central angle in the axis of the inner cylinder 
6. The convexities 1 5 and/or the concave grooves serve 
as the means for introducing (flowing) the second med- 
icine B into the first space 9 fonmed in the front portion 
Of the outercylinder 1 to mix the second medicine B with 
the first medicine A when the first gasket lo slidably 
moves to the front end of the inner cylinder 6. In the pre- 
filled synnge of the embodiment shown in Fig. 9 the 

fh^S- \^ "^"^"^ ^ Predetemiined length (longer 
than the first gasket 10) extends axially to the rear end 
surface of the small-diameter portion of the front end of 
he inner cylinder 6. The rib 1 5 is preferably located be- 

1!!! V, n 1°"* '''^ '^""'ler 6 and the first 
gasket 10. As shown in Fig. io. when the first gasket lo 
moves to the position at which the rib 15 of the inner 
cylinder 6 is formed, the rib 15 prevents the front end 



IS 



20 



25 



30 



35 



40 



45 



50 



55 



the fIJ? T '""^ ^"^ Of 

the small-diameter portion of the inner cylinder from 

contacting each other closely. As shown in Fig. 13 this 
construction facilitates the flow of the medicine into the 
Jrst space after the medicine passes the duct 1 6 formed 
SeTe ^^^^^ ^° "'^ °' "'^ '""^^ 
[00851 The pre-filled syringe 1 00 of the present inven- 
toon can stably store the first medicine A and the second 
medicine B completely separate^ in the state shown in 
Figs^ 1 A. 8. and 9, when the pre-filled syringe 1 00 is not 
used. 

[00861 In using the pre-filled syringe 100 of the 
present invention, the plunger 13 installed on the sec- 
ond gasket 1 1 is pressed forward (direction shown with 
he arrow of Fig. 1 B) to slidably move the second gasket 
11. the second medicine B (solution) sealed in the sec- 
ond space 12. and the first gasket 10 fonward in the inner 
cylmder 6. When the first gasket 1 0 is moved to the front 
endof the inner cylinder 6. as shown in Figs, IBand 10 
a convexity (rib) I5a formed on the inner surface of the 
front side of the inner cylinder 6 presses a part of the 
penpheral surface of the first gasket 10. As a result the 
peripheral surface of the first gasket 10 is defomie'd to 
the gap 1 6 between the inner surface of the inner cylin- 
der 6 and the peripheral surface of the first gasket 10 
as shown in Fig. 2A (cross-sectional view) and Fig 13' 
The second medicine B sealed In the second space 12 
flows into the first space 9 through the gap 16 serving 
as a duct, in each of the pre-filled syringes of the em 
bodiment shown in Figs. 1 and 13 which is a sectional 
view teken along a line B-B of Fig. 10, four convexities 
(rib) 15a are formed at regular intervals on the innerpe- 
ripheral surface Of the inner cylinder at its front side 
Thus, the second medicine B sealed in the second 
space 12 flows into the first space 9 through the four 
gaps 16. Therefore, the first medicine (powder) A and 
the second medicine (solution) B are mixed with each 
other in the first space 9 rapidly and sufficiently, in the 
embodiment shown in Figs. 2A and 13. four convexities 
15a are fomied. But the number of the convexities 15a 
(s not limited to four. Three or less or five or more con- 
vexities 15a may be formed. Favorab^. the number of 

favoSS" 5' '^"^^ °' ^ "^^ ^"'^ "^'^ 

[0087] Figs. 2Band 14 show the case where concave 
grooves 15b are formedon the innersurface of the inner 
(ylinder at its front side, instead of the convexity I5a 
When the first gasket 1 0 is moved to the front end of the 
inner cylinder, as shown in Figs. 2B (cross-sectional 
view) and 14. the concave groove 15b formed on the 
inner surface of the front side of the inner cylinder 6 
serves as a duct (bypassing duct) 1 7 for flowing the sec- 
ond medicine B sealed in the second space 12 into the 

It^r "^"^ « predetemiined 

ength (longer than the first gasket 10) extends axially 
to the rear end surface of the small-diameter portion of 
the front end of the inner cylinder 6. The groove is pref- 
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erably located between the front^^f the inner cylin- 
der 6 and the first gasket 10. In each of the pre-filled 
syringes of the embodiment shown in Figs. 2B and 14, 
four concave grooves 15b are formed at regular inter- 
vals on the inner peripheral surface of the inner cylinder s 
at its front side. Thus, the second medicine B sealed In 
the second space 12 flows into the first space 9 through 
the four ducts 1 7. Therefore, the first medicine (powder) 
A and the second medicine (solution) B are mixed with 
each other in the first space 9 rapidly and sufficiently. In io 
the embodiment shown in Figs. 28 and 1 4, four concave 
grooves 1 5b are formed. But the number of the concave 
grooves I5b is not limited to four. Three or less or five 
or more concave grooves I5b may be formed. Favora- 
bly, the number of the concave grooves 15b is in the i5 
range of 2- 12 and more favorably. 3 - 5. If necessary, 
both the convexity and the concave groove serving as 
the duct of the second medicine B may be formed on 
the inner peripheral surface of the inner cylinder 6 at Its 
front side. 

[0088] In each of the pre-filled syringes 1 00 of the em- 
bodiment shown in Figs. 1 , 8, and 10, the third gasket 
14 has an annular construction having an annular lip 
portion 14a that contacts the inner peripheral surface of 
the outer cylinder 1 , as shown in Fig. 3 and 1 5. Thereby, 25 
it is possible to sufficiently seal the gap between the pe- 
ripheral surface of the front side of the inner cylinder and 
the portion of the inner peripheral surface of the outer 
cylinder located on the peripheral surface of the front 
side of the inner cylinder. It is also possible to accom- 30 
plish the slidable movement of the third gasket in the 
outer cylinder. Accordingly, owing to the rise of the pres- 
sure inside the first space 9 caused by the movement 
(inflow) of the second medicine B into the first space 9, 
the inner cylinder 6 and the third gasket 14 move rear- 35 
ward automatically, as shown in Fig. 1 C. That is, the re- 
sistance to the third gasket 14 in its sliding movement 
is lower than a resilient force generated against the com- 
pression of the first space 9 caused by the movement 
(inflow) of the second medicine B into the first space 9. "to 
The third gasket 14 is unremovably installed on the front 
end of the inner cylinder 6 by fitting a flange 18 formed 
on the opening at the front end of the inner cylinder in a 
flange 1 9 formed on the annular opening of the third gas- 
ket 14. ^5 
[0089] In each of the pre-filled syringes 1 00 of the em- 
bodiments shown in Figs. 1 and 9, to connect the inner 
cylinder 6 and the plunger 13 to each other and move 
them together in the outer cylinder 1 when the plunger 
1 3 is pressed into the inner cylinder 6 in such an extent so 
that it cannot be moved further in the inner cylinder 
(state shown In Figs. 1C and 11. That is, the state in 
which the first gasket 10 contacts the small-diameter 
portion of the inner cylinder and the second gasket 11 
contacts the first gasket), an annular projection 20 Is ss 
formed at a position in the vicinity of the rear end of the 
inner cylinder 6 and a projection 21 is formed at a posi- 
tion in the vicinity of the rear end of the plunger 13. as 
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shown in Fig. 4 which is'^phlarged sectional view of 
the rear side of the inner cylinder 6 and Fig. 16. When 
the plunger 1 3 is pressed into the inner cylinders in such 
an extent that it cannot be moved further therein, the 
annular projection 20 and the projection 21 engage each 
other. Thus, the inner cylinder 6 and the plunger 1 3 are 
connected (engage) to each other and move together. 
In other words, in the pre-filled syringe 100 of each of 
the embodiments shown in Figs. 1 , 8, and 11 . when the 
plunger 13 is pressed and the rib 21 of the plunger 13 
rides over the annular rib 20 of the inner cylinder 6, the 
ribs 20 and 21 engage each other. As a result, the plung- 
er is prevented from moving reaoA^ard in resistance to a 
force (resilient force generated against compression of 
first space) pressing the plunger rearward, as shown in 
Figs. 4 and 1 6. If necessary, the syringe is shaken in the 
state shown in Figs. 1C and 11 to mix the first medicine 
A and the second medicine B well with each other. 
[0090] After the first medicine A and the second med- 
icine B are mixed (dissolved) sufficiently with each other 
in the first space 9 of the outer cylinder 1 , as shown in 
Figs. ID and 11, the cap 4 sealing the nozzle 2 is re- 
moved therefrom. Then, a needle, a connector or a dou- 
ble-headed needle is connected thereto. Then, a mixed 
medicine is injected to a patient or a medical container 
or the like. 

[0091] More specifically, after the needle is installed 
on the pre-filled syringe 100, the plunger 13 is pressed 
to discharge air Inside the pre-filled syringe 100 from the 
needle. Then, the needle is pierced to a patient. Then, 
the plunger 13 Is pressed further. As a result, as shown 
in Figs. ID and 12, the innercylinderG, the third space, 
and the first gasket move to the front end of the outer 
cylinder 1 to administer the mixed medicine in the first 
gasket space to a patient. 

[0092] The pre-filled syringe of the present invention 
has a small number of component parts and can be 
manufactured in simple manufacturing and assembling 
processeses with high productivity. Further, the pre- 
filled syringe is safe and sanitary. In particular, in the 
pre-filled syringe of the present invention, the first med- 
icine is sealed in the first space located in the front por- 
tion of the outer cylinder, and the second medicine is 
sealed in the second space formed in the inner cylinder. 
Therefore, when a medicine sealed in the first space is 
a powder or a solution inferior in resistance to heat, it is 
possible to manufacture the pre-filled syringe as follows: 
After the second medicine B is sealed in the second 
space of the inner cylinder, the second medicine B is 
sterilized with high-pressure vapor. Then, the first med- 
icine A is sterilized by a method other than sterilization 
with high- pressure vapor in such a manner that the first 
medicine A is not modified. Then, the inner cylinder is 
inserted into the outer cylinder accommodating the ster- 
ilized first medicine A in the front portion thereof. When 
each of the first medicine A and the second medicine B 
is a heat-resistant solution, the innercylinder accommo- 
dating the second medicine B in the second space 
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thereof IS .nserted into the oilWR-yiinder accommodat- 
ng the first medicine A in the front portion (first space) 
thereof Then, the entire pre-filled syringe is sterilized 
with high-pressure vapor. In this manner, the pre-filled 
syringe can be produced in a very simple process. 
[0093] In the pre-filled syringe of the present Inven- 
tion even though the greatest possible care is not taken 
or the state of the pressed state (pressed position) of 
the gasket during its use, the first and second gaskets 
accommodated in the inner cylinder are mereV pressed 

front side of the inner cylinder, in this manner, the sec- 
ond medicine sealed in the second space located be- 
^veen the first and second gaskets flows into the first 
space smoothly through the duct formed of the convex- 
ity and^or the concave groove fomied on the inner sur- 

[Trf^V"""' ''"^^ °' '""^^ ttie first 

space, the first medicine and the second medicine are 
mixed with each other completely and sufficiently. Ac- 
cordmgty, the pre-filled syringe is very convenient to 
handle during its use. 

[0094] In the pre-filled syringe of the present inven- 
tion, owing to the rise of the internal pressure of the first 
space caused by the infkDw of the second medicine 

ShTh ^"^ '^'"^ gasket in- 

stalled thereon automatically move rearward. As a re- 
sult the volume of the first space increases automati- 
cally. Therefore, it is possible to design the pre-filled sy- 
ringe such that the volume of the first space has a nec- 
essary minimum size. Thereby, the entire pre-filled sy- 

nrjge 100 is compact, energy-saving, and space-saving 
after ,ts use. Because the volume of the first space in 
creases automatically while the firet medicine and the 
second medicine are being mixed with each other the 

mocingofthefirstmedicineand the second medicinecan 
be accomplished sufficiently in the first space 
[0095] The pre-filled syringe of the present invention 

J«foHt ?^""'''''^"'*'''®'""«^°y""'*e^ accommo- 
dated therein. Thus, the pre-filled syringe is compact. 
Therefore, it can be handled easily and conveniently in 
discarding it and is space-saving 
[0096] In the pre-fllled syringe of the present inven- 
tion, the first medkslne and the second medicine are 
mixed with each other in the first space, with the nozzle 
at the front end of the outer cylinder sealed and with the 
first space expanding. Thus, it is possible to mix the first 
medicine and the second medicine with each othersafe- 
ly and smoothly without liquid leakage 
[00971 In the pre-filled syringe of the present inven- 
^on, because there is no duct resistance in an injection 
operation, the mixed medicine can be smoothly dis- 
charged from the syringe. 

[0098] A pre-filled syringe 200 of an embodiment 
shown in Fig. 17 is described below. 
[0099] The construction of the pre-filled syringe 200 
IS fundamentally the same as that of the above-de- 
scribed pre-filled syringe lOO, except that the pre-fllled 
synnge 200 has a desiccant 201 accommodated be- 
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hveen the front end inner cylinder 6 and the first 
gasket 10 and has a interception portion 202, disposed 
at Its front end, for preventing the desk5cant 20i from 
flowing into the outer cylinder l (in other words, first 
space 9). According to the pre-filled syringe 200. owing 
to the provision of the desiccant 201. it is possible to 
prevent the first medicine A from absortjing moisture. In 
particuter. it is possible to prevent the first medicine A 
from absorbing water of the second medicine B which 
has moved to the first space. 
[0100] As the desiccant 201, water-insoluble desic- 
cant IS used. For example, silica gel is preferable It is 
preferable thatthe particle diameter of the desiccant20l 
IS m the range of 0.5 mm to 2.0 mm, although it depends 
on the interception portion which will be described later 
[0101] It is possible to use any intert:eption portion 
202 so long as it allows the second medicine B to pass 
herethrough and prevents the desiccant from passing 
therethrough. The interception portion can be com- 
posed Of a mesh, a net. a foamed sheet, a woven cloth 
a nonwoven doth, a porous film, and a combination of 
these materials. As the mesh, a metal mesh and a res- 
inous mesh can be preferably used. As the synthetic 
resinous mesh, a screen mesh of polypropylene or pol- 
yester can be preferably used. Preferably the metal 
mesh IS formed of aluminum or stainless steel Prefer- 
ably, the woven cloth is formed of synthetic fibers such 
as polyester, nylon, and polypropylene. Preferably, the 
nonwoven doth not containing binder is preferable be- 
cause It contacts a solution. For example, it Is possible 
to use the nonwoven doth formed by a mechanical con- 
nection method (needle punch method, stitch method) 
and by a thermal connection method (columnar 
processing method, method of fusing web). As the po- 
rous film, the following materials can be preferably used- 
a hydrophillc film fomied of regenerated cellulose or the 
!c Dc^"* ^.^yf ^Pl^o^fc fi"" 'omied of polyesters such 
r ' '"''^ (PoVamlde), polyolefins 

such as, polypropylene, and polyethylene. In the pro- 
filed synnge 200 shown in Fig. 17, the material of the 
interception portion 202 is fused to the opening formed 
at the front end of the inner cylinder Themial fusing is 
preferable m fixing the interception portion 202 to the 
opening formed at the front end of the inner cylinder. 
nl S . ""'Q- it is preferable that the 

pre-filled synnge 200 has an accommodation portion 
between the front end surface of the first gasket 1 0 and 
the interception portion 202 to accommodate the desic- 
cant 201 , When the first gasket 10 moves to the front 
end of the inner cylinder 6. 

[01 03] Fig. 1 8 is a sectional view showing the state of 
the pre-filled syringe shown in Fig. 1 7 in which the entire 
medicine In the second space 12 has flowed to the first 
space 9, and the inner cylinder 6 has moved to its rear 
end^ In this state, the front end surface of the first gasket 
10 does not contact the interception portion 202, and 
t^frif f^"' " ««'°'""'odated in a gap formed 
therebetween. The accommodation portion prevents 
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the interception portion 202 f ronil|i|i damaged by the 
desiccant 201, when the first gasket 10 moves to the 
front end of the inner cylinder 6. 
[0104] A pre-filled syringe 300 of an embodiment 
shown in Fig. 19 is described below. s 
[0105] According to the pre-filled syringe 300 of the 
embodiment, the inner cylinder 6 accommodates a 
fourth gasket 301 spaced at a predetermined interval 
from the first gasket 1 0 and located forward from the first 
gasket 10. The rib 15 and/or the groove extending axi- io 
ally from the inner surface of the front end of the inner 
cylinder 6 form a medicine duct for moving the second 
medicine B into the first space 9 when the fourth gasket 
301 and the first gasket 10 move to the front end of the 
inner cylinder 6. ^5 
[01 06] In other words, in the inner cylinder 6, the pre- 
filled syringe 300 of the embodiment has the fourth gas- 
ket 301 spaced at a certain interval from the first gasket 
1 0 and accommodated fonA/ard from the first gasket 1 0. 
The rib 15 and/or the groove extending from the inner 20 
surface of the front end of the inner cylinder 6 in its axial 
direction is longer than the sum of the axial contact 
length of the fourth gasket 301 and that of the first gasket 
1 0 both in contact with the inner surface of the inner cyl- 
inder 6. with the first gasket 1 0 in contact with the fourth 25 
gasket 301. 

[0107] The construction of the pre-filled syringe 300 
is fundamentally the same as that of the above-de- 
scribed pre-filled syringe 100, except that the pre-filled 
syringe 300 has the fourth gasket 301 accommodated 30 
between the front end of the inner cylinder 6 and the first 
gasket 10 and slidable liquid-tightly in the inner cylinder, 
a space 302 formed between the fourth gasket and the 
first gasket, and the rib 15 extending axially from the 
inner surface of the front end of the inner cylinder 6 is 35 
longer than the rib of the pre-filled syringe 1 00. This con- 
struction prevents the first medicine A from absorbing 
water of the second medicine B which has moved to the 
first space. 

[01 08] The first gasket can be used as the fourth gas- ^0 
ket. The fourth gasket may have a lower sliding resist- 
ance than the first gasket. This can be achieved by mak- 
ing the fourth gasket shorter than the first gasket in the 
axial direction of the syringe (in other words, the axial 
length of the portion of the fourth gasket in contact with ^5 
the inner surface of the inner cylinder) or making the out- 
er diameter of the fourth gasket smaller than that of the 
first gasket. 

[0109] The rib 15 and/or the groove extending axially 
from the inner surface of the front end of the inner cyl- so 
inder 6 is longer than the sum of the axial contact length 
of the fourth gasket 301 and that of the first gasket 10 
in contact with the inner surface of the inner cylinder 6, 
with the fourth gasket 301 in contact with the locking 
portion of the inner cylinder 6 at its front end and with ss 
the first gasket 10 in contact with the rear end surface 
of the fourth gasket. That is, the rear end of the rib 15 
is located at a position a little rearward from the rear end 
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of the fourth gasket, with !!97urth gasket 301 in contact 
with the locking portion of the innercylinder 6 at its front 
end and with the first gasket 1 0 in contact with the rear 
end surface of the fourth gasket. Thus, a medicine duct 
for moving the second medicine B into the first space 9 
is formed at the portion of contact between the rib 15 
and the fourth gasket 301 as well as the first gasket 1 0, 
thus allowing the second medicine B to flow into the first 
space 9. 

[01 1 0] In the pre-filled syringe 300 of the embodiment, 
the rib is formed on the inner surface of the innercylinder 
to form the medicine duct. But instead of the rib, a 
groove may be formed on the inner surface of the inner 
cylinder. 

[0111] As shown in Fig. 20 showing a pre-filled sy- 
ringe 300a of another embodiment, the desiccant 201 
may be accommodated in the space 302 formed be- 
tween the fourth gasket 301 and the first gasket 1 0. The 
desiccant 201 reliably prevents the first medicine A from 
absorbing water of the second medicine B that has 
moved to the first space. As the desiccant 201 , the 
above-described ones can be preferably used. The des- 
iccant having a form or size which does not block and 
pass the medicine duct is used. 
[0112] A pre-filled syringe 400 of an embodiment 
shown in Fig. 21 is described below. 
[01 1 3] The pre-filled syringe 400 of the present inven- 
tion includes an outer cylinder 1 having a needle 40 at- 
tached at a front end thereof and an opening formed at 
a rear end thereof; a slidable gasket 401 accommodated 
in the outer cylinder 1 ; an inner cylinder 6 movable for- 
ward and rearward in the outer cylinder 1 , forming a first 
space 9 between the inner cylinder 6 and the slidable 
gasket 401, and having an opening formed at each of 
front and rear ends thereof; a first gasket 1 0 slidably ac- 
commodated in the innercylinder 6 in a liquid-tight state; 
a second gasket 11 accommodated slidably in the inner 
cylinder 6 in a liquid-tight state at a position rearward 
from the first gasket 1 0 and forming a second space 1 2 
between the second gasket 11 and the first gasket 10; 
a plunger 13 attached or attachable at the rear end of 
the second gasket 11 ; a third gasket 14 installed at the 
front end of the inner cylinder 6 or in the vicinity of the 
front end thereof such that the third gasket 1 4 is slidable 
in a liquid-tight state between the inner cylinder 6 and 
the outer cylinder 1; a first medicine A accommodated 
in the first space 9; and a second medicine B accom- 
modated in the second space 12. 
[0114] The inner cylinder '6 has a portion (in other 
words, locking portion or stopping portion) formed at the 
front end thereof, for preventing the first gasket 1 0 from 
slipping off from the opening formed at the front €nd of 
the innercylinder 6; and a rib (projection) 15 and/or a 
groove extending from the inner surface of the front end 
of the inner cylinder 6 in the axial direction of the inner 
cylinder to form a medicine duct for moving the second 
medicine B into the first space 9. when the first gasket 
1 0 moves to the front end of the innercylinder. The inner 
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cylinder 6 moves automaticaWward the rear end of 
the outer cylinder l owing to the movement of the sec- 
ond gasket 11 and that of the first gasket 10 to the front 
end of the inner cylinder 6 caused by a pressing force 
applied to the second gasket li and rise of a pressure 
inside the first space 9 caused by the flow of the second 
medicine B into the first space 9 which occurc as a result 
of the movement of the second gasket Hand that of the 
first gasket l o to the front end of the inner cylinder 6 
[0115] The outer cylinder 1 has a rib 403 and/or a 
groove extending axially from the inner surface of the 
front end of the outer cylinder 1 to a position located 
forward from the position of the slidable gasket 401 to 
form a medicine duct for flowing a mixed solution C to 
a position located forward from the slidable gasket 401 
when the slidable gasket 401 moves to the front end of 
the outer cylinder l . The mixed solution C is formed by 
mixing the first medicine and the second medicine with 
each other in the first space 9. 
[01 16] The construction of the pre-filled syringe 400 
IS fundamentally the same as that of the above-de- 
scribed pre-filled syringe 100 except that the pre-filled 
syringe 400 has the slidable gasket 401 accommodated 
between the front end of the inner cylinder 6 and the 
front end of the outer cylinder l and slidable liquid-tightly 
m the outer cylinder, has the rib 403 extending axially 
from the inner surface of the front end of the outer cyl- 
inder to form the medicine duct for flowing the mixed 
solution C formed by mixing the first medicine and the 
second medicine with each other In the first space 9 to 
the position located fonward from the slidable gasket 
401. and that not a cap but a needle 40 is installed on 
the front end of the outer cylinder. 
[0117] In the construction of the pre-filled syringe 400 
in which not the cap but the needle is attached (or in- 
stalled) on the front end of the outer cylinder l . it is pos- 
sible to mix the first medicine and the second medicine 
with each other and inject a mixed solution to a patient 
or the like and unnecessary to perfomi a needle-install- 
ing work. This construction is effective in an urqent ad- 
ministration. 

[01 18] In the pre-filled syringe 400 of the embodiment 
the slidable gasket 401 has a higher sliding resistance 
than the first gasket io and the second gasket 11 
Therefore, while the first medicine and the second med- 
icine are being mixed with each other by the plunger 13 
the slidable gasket 401 is not moved toward the front 
end of the outer cylinder 1 . The following methods are 
considered to allow the sliding resistance of the slidable 
gasket 40l to be higher than that of the first gasket 10 
and that of the second gasket 1 1 : For example, the axial 
length of the slidable gasket (in other words, the axial 
length of the portion of the slidable gasket in contact with 
the innersurfaceof the outercylinder) is set longer than 
the axial length of the first gasket 1 0 and that of the sec- 
ond gasket 11 (in other words, the axial length of the 
portion thereof in contact with the inner surface of the 
inner cylinder); the compressibility of the slidable gasket 
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401 accommodated !«§ outer cylinder is set higher 
than that of the first gasket 10 and the second gasket 
11 both accommodated in the inner cylinden and a ma- 
tenal of the slidable gasket 401 has a higher sliding fric- 
tion resistance than a material of the first gasket 1 0 and 
the second gasket 11. 

[0119] The rib 403 extending axially from the inner 
surface of the front end of the outer cylinder 1 is longer 
than the axial contact length of the slidable gasket 401 
in contact with the inner surface of the outer cylinder 1 
when the slidable gasket 401 contacts the front end sur- 
face of the outer cylinder 1 . That is. the rear end of the 
nb 403 is located at a position a little rearward from the 
rear end of the slidable gasket 401 , with the slidable gas- 
ket 401 in contact with the front end surface of the outer 
cylinder 1. Thus, a medicine duct for discharging a 
mixed solution formed in the first space 9 from the sy- 
ringe is formed at the portion of contact between the rib 
403 and the slidable gasket 401 , thus allowing admin- 
istration of the mixed solution formed in the first space 
9. The rib 403 is preferably located between the front 
end of the outer cylinder 1 and the slidable gasket 401 
[0120] One rib 403 or a plurality thereof is formed in 
parallel to the axis of the outer cylinder on the inner sur- 
face of the outer cylinder in its front portion. Favorably 
a plurality of the ribs 403 is formed. More favorably, a 
plurality of the ribs 403 is formed at regular central an- 
gles with respect to the axis of the outer cylinder 1 It is 
preferable to form 2 - 12 ribs 403. When the slidable 
gasket 401 moves forward to the position of the rib 403 
the rib 403 presses the peripheral surface of the slidable 
gasket 401 radially inward. As a result, a gap is formed 
between the pressed portions of the peripheral surface 
of the slidable gasket 401 and the inner surface of the 
outer cylinder 1 . The gap thus formed serves as a duct 
16 for allowing communication between the first space 
9 and the outside (needle). The mixed solution C is ad- 
ministered through the duct 1 6. 
[0121] In the pre-filled syringe 400 of the embodiment 
the nb is formed on the inner surface of the outercylinder 
to form the medtoine duct. But instead of the rib a 
groove may be formed on the inner surface of the outer 
cylinder. In this case, when the slidable gasket 401 
moves forward to the position of the groove, the groove 
serves as the duct for allowing communication between 
the first space 9 and the outside (needle). In this case 
the groove is preferably located between the front end 
of the outer cylinder 1 and the slidable gasket 401 . 
[01 22] As the needle 40. it is possible to use a known 
needle having a needle tube 41 having a piercing blade 
surface at its front end. a hub 43 installed at its rear end 
and a cap member 42 whose rear end fits in the hub 43 ' 
It IS possible to use the needle by fixing the needle tube 
at the front end of the outer cylinder directly and liquid- 
tightly, 

[0123] A pre-filled syringe 500 of an embodiment 

shown in Fig. 22 is described below. 

[0124] The construction of the pre-filled syringe 500 
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is fundamentally the same as tPI^Btthe pre-fllled sy- 
ringe 400 except that unlike the pre-fi!led syringe 400, 
the sliding resistance of the slidable gasket 401 of the 
pre-fllled syringe 500 Is not higher than that of the first 
gasket 1 0 and that of the second gasket 1 1 and that in- 5 
stead, the outer cylinder 1 has a front-side movement 
prevention portion 404 formed on the inner surface 
thereof such that the front-side movement prevention 
portion 404 is located at the rear end of the rib 403 or 
the groove or at a position rearward from the rib 403 or io 
the groove and contacts the slidable gasket 401 . 
[0125] In the pre*filled syringe 500 of the embodiment, 
as the front-side movement prevention portion 404 for 
the slidable gasket 401 , a projection 404 which is a little 
larger than the rib 403 is formed at a position spaced at is 
a predetermined interval from the front end of the outer 
cylinder 1 , namely, at the rear end of the rib 403. The 
projection (front-side movement prevention portion) 404 
may not be integral with the rib 403 but may be separate 
therefrom. It is preferable to form a plurality of the pro- 20 
jections (front-side movement prevention portion) 404 
at the same position with respect to the axial direction 
of the outer cylinder. In the case where a plurality of the 
projections (front-side movement prevention portion) 
404 is formed, preferably, 2-10 projections (front-side 25 
movement prevention portion) 404 are formed. In the 
case where three or more projections (front-side move- 
ment prevention portion) 404 are formed, preferably, 
they are formed at a substantially equal central angle 
with respect to the axis of the outer cylinder. 30 
[0126] Because the slidable gasket 401 contacts the 
front-side movement prevention portion 404, the slida- 
ble gasket 401 does not ride over the front-side move- 
ment prevention portion 404 while the first gasket 1 0 and 
the second gasket 11 are being operated. Accordingly, 35 
the slidable gasket 401 does not move forward from the 
front-side movement prevention portion 404 while the 
first medicine and the second medicine are being mixed 
with each other by pressing the plunger 13. 
[0127] A pre-filled syringe 600 of an embodiment 40 
shown in Fig. 23 is described below. 
[0128] The construction of the pre-filled syringe 600 
is fundamentally the same as that of the pre-filled sy- 
ringe 400, except that unlike the pre-filled syringe 400, 
the sliding resistance of the slidable gasket 401 of the ^5 
pre-filled syringe 600 is not higher than that of the first 
gasket 1 0 and that of the second gasket 1 1 and that In- 
stead, the pre-filled syringe 600 has an inner cylinder 
movement prevention portion 406 which prevents the 
inner cylinder 6 from moving toward the front side of the so 
outer cylinder and which can be removed or releasable, 
when the plunger mounted or mountable at the rear end 
of the second gasket 11 is pressed. Accordingly the sl- 
idable gasket 401 does not move to the front end of the 
outer cylinder 1 while the first medicine and the second ss 
medicine are being mixed with each other by pressing 
the plunger 13. 

[01 29] In the pre-filled syringe 600 of the embodiment, 
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as the inner cylinder mo^^Hlht prevention portion 406. 
an engaging portion 406a which engages a flange 
formed at the rear end of the outer cylinder is formed at 
the front end thereof, and a rear-end portion 406b which 
can contact a flange formed at the rear end of the inner 
cylinder 6 is formed at the rear end thereof. The inner 
cylinder movement prevention portion 406 is removable 
from the outer cylinder 1 . The inner cylinder movement 
prevention portion 406 is not limited to this construction 
so long as the inner cylinder movement prevention por- 
tion 406 can prevent the inner cylinder 6 from moving 
toward the front side of the outer cylinder 1 . In the pre- 
filled syringe 600, the Inner cylinder movement preven- 
tion portion 406 is removed from the outer cylinder 1 af- 
ter the first medicine and the second medicine are mixed 
with each other by operating the plunger 13. The inner 
cylinder movement prevention portion 406 does not pre- 
vent the inner cylinder 6 from moving toward the rear 
end of the outer cylinder 1, Thus, the inner cylinder 6 
can move to the rear end of the outer cylinder 1 , when 
the plunger mounted or mountable at the rear end of the 
second gasket 11 is pressed. 
[0130] As in the case of a pre-filled syringe 400a of 
an embodiment shown in Fig. 24, the desiccant201 may 
be accommodated in any of the pre-filled syringes 400, 
500, and 600. 

[0131] The construction of the pre-filled syringe 400a 
is fundamentally the same as that of the above-de- 
scribed pre-filled syringe 400, except that the prefilled 
syringe 400a has a desiccant 201 accommodated be- 
tween the front end of the inner cylinder 6 and the first 
gasket 1 0 and has an interception portion 202, disposed 
at its front end, for preventing the desiccant 201 from 
flowing into the outer cylinder 1 (in other words, first 
space 9). According to the pre-filled syringe 400a, owing 
to the provision of the desiccant 201 , it is possible to 
prevent the first medicine A from absorbing moisture. In 
particular, it is possible to prevent the first medicine A 
from absorbing water of the second medicine B that has 
moved to the first space. As the desiccant 201 and the 
interception portion 202, those used for the pre-filled sy- 
ringe 200 can be preferably utilized. 
[01 32] Instead of describing the method of using all of 
the pre-filled syringes 400, 500, and 600, only the meth- 
od of using the pre-filled syringe 400 is described below. 
[0133] In using the pre-filled syringe 400 provided in 
the state shown in Fig. 21, the plunger 13 is pressed. 
Consequently the first gasket 1 0 and the second gasket 
11 move toward the front end of the inner cylinder 6. 
When the first gasket 10 reaches the portion at which 
the rib 15 is formed, the second medicine B flows into 
the first space 9 through the gap formed between the 
rib 15 and the first gasket 10. When the plunger 13 is 
pressed further, the engaging portions 20 and 21 en- 
gage each other, and the inner cylinder 6 moves to the 
rear side of the outer cylinder 1 owing to the rise of the 
pressure inside the first space 9. Fig. 25 shows this 
state. The slidable gasket 401 does not move. If neces- 
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sary, the syringe is shaken toWThe first medicine and 
the second medicine well with each other. 
[01 34] Thereafter, the plunger 1 3 Is pressed, with the 
pre-filled syringe 400 erected. Consequently, the slida- 
ble gasket 401 moves to the front side of the outer cyl- s 
inder 1. When the entire slidable gasket 401 reaches 
the portion at which the rib 403 is formed, air inside the 
first space 9 is discharged from the gap between the rib 
403 and the slidable gasket 40l . Then, the slidable gas- 
ket 401 contacts the front end surface of the outer cyl- io 
•nder 1. When the plunger 13 is pressed further the 
mixed solution C flows out from the gap between the rib 
403 and theslidable gasket 40i and is filled into the front 
end of the outer cylinder l and the needle 40 Fig 26 
shows this state. Thereafter, the cap member 42 is re- is 
moved from the needle 40 and the needle 40 is pierced 
to a patient to administer the mixed solution C thereto. 

Claims 

1 . A pre-filled syringe comprising: 

an outercylinder having a nozzle, at a front end 
thereof, sealed with a sealing member or a 
dosed end and an opening formed at a rear end 
thereof; 

an inner cylinder movable forward and rear- 
ward in said outercylinder, forming a first space 
between said inner cylinder and an inner side 
of said front end of said outercylinder, and hav- 
ing an opening formed at each of front and rear s 
ends thereof; 

a first gasket slidably accommodated in said in- 
ner cylinder in a liquid-tight state; a second gas- 35 
ket accommodated slidably in said inner cylin- 
der in a liquid-tight state and located rearward 
from said first gasket and forming a second 
space between said second gasket and said 
first gasket; ^ 

a plunger attached or attachable at a rear end 
of said second gasket; 

a third gasket installed at said front end of said 
inner cylinder or in the vicinity of said front end 
thereof such that third gasket is slidable in a liq- « 
uid-tight state between said inner cylinder and 
said outer cylinder; 

a first medicine stored in said first space; and 
a second medicine stored in said second 
space. 
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icine duct for intrl^ng said second medicine into 
said first space, when said first gasket moves to 
said front end of said inner cylinder; and said inner 
cylinder moves automatically toward said rear end 
of said outer cylinder owing to rise of a pressure in- 
side said first space caused by a flow of said second 
medicine into said first space which occurs as a re- 
sult of a movement of said second gasket and a 
movement of said first gasket to said front end of 
said inner cylinder caused by a pressing force ap- 
plied to said second gasket. 

A pre-filled syringe according to claim i, wherein 
said third gasket has an annular construction hav- 
ing an annular lip portion which contacts an inner 
peripheral surface of said outer cylinder. 

A pre-filled syringe according to claim l or2, where- 
in a plurality of said ribs and/or said grooves provid- 
ed to said inner cylinder are fomted . 

A pre-filled syringe according to any one of claims 
1 through 3, wherein said inner cylinder and said 
plunger have an engaging mechanism, respectively 
such that said engaging mechanisms engage each 
other, when said plunger attached on said second 
gasket is pressed into said inner cylinder in such an 
extent that said plunger cannot be moved forward 
further therein and prevent a rearward movement 
of said plunger, respectively. 

A pre-filled syringe according to claim 4, wherein 
said engaging mechanism has an inner cylinder- 
side engaging portion consisting of a projection or 
a concave portion provided at a position in the vi- 
cinity of said rear end thereof and a plunger-side 
engaging portion consisting of a projection or a con- 
cave portion provided at a position in the vicinity of 
said rear end thereof, such that said projection or 
said concave portion of said inner cylinder-side en- 
gaging portion make a convex/concave engage- 
ment or a convex/convex engagement with said 
projection or said concave portion of said plunger- 
side engaging portion. 



wherein said inner cylinder has a portion 
formed at said front end thereof, for preventing said 
first gasket from slipping off from said opening 
formed at said front end of said inner cylinder and 
a nb and/or a groove extending from an inner side 
surface of said front end of said inner cylinder in an 
axial direction of said inner cylinder to form a med- 
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A pre-filled syringe according to any one of claims 
1 through 5, wherein said first medicine is a solution 
or a powder, and said second medicine is a solution . 

A pre-filled syringe according to any one of claims 
1 through 6, wherein said inner cylinder has a des- 
ccant stored between said front end of said inner 
cylinder and said first gasket and has an intercep- 
tion portion, disposed at said front end thereof, for 
preventing said deskxsant from flowing into said out- 
er cylinder. 

A pre-filled syringe according to claim 7, wherein 
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said desiccant is water-insoi 
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9. A pre-filled syringe according to any one of claims 
1 tlirough 6, wherein said inner cylinder accommo- 
dates a fourth gasket spaced at a predetermined 
interval from said first gasket and located forward 
from said first gasket; and said rib and/or said 
groove extending from said inner surface of said 
front end of said inner cylinder in the axial direction 
thereof form a medicine duct for introducing said 
second medicine into said first space when said 
fourth gasket and said first gasket move to said front 
end of said inner cylinder. 

10. A pre-filled syringe according to any one of claims 
1 through 6, wherein said inner cylinder has a fourth 
gasket spaced at a certain interval from said first 
gasket and accommodated forward from said first 
gasket; and said rib and/or said groove extending 
from said inner surface of said front end of said inner 
cylinder in the axial direction thereof are longer than 
the sum of an axial contact length of said fourth gas- 
ket and that of said first gasket both in contact with 
said inner surface of said inner cylinder, with said 
first gasket in contact with said fourth gasket. 

11. A pre-filled syringe according to claim 9 or 10, 
wherein said desiccant is stored in a space formed 
between said fourth gasket and said first gasket 
both accommodated In said inner cylinder. 

12. A pre-filled syringe comprising: 

an outer cylinder having a needle attached at a 
front end thereof and an opening formed at a 
rear end thereof; 

a slidable gasket accommodated in said outer 
cylinder; 

an inner cylinder movable forward and rear- 
ward in said outer cylinder, forming a first space 
between said inner cylinder and said slidable 
gasket, and having an opening formed at each 
of front and rear ends thereof; 
a first gasket slidably accommodated in said in- 
ner cylinder in a liquid-tight state; 
a second gasket accommodated slidably in 
said inner cylinder in a liquid-tight state at a po- 
sition rearward from said first gasket and form- 
ing a second space between said second gas- 
ket and said first gasket; 
a plunger attached or attachable at said rear 
end of said second gasket; 
a third gasket installed at said front end of said 
inner cylinder or in the vicinity of said front end 
thereof such that said third gasket is slidable in 
a liquid-tight state between said inner cylinder 
and said outer cylinder; 
a first medicine stored in said first space; and 



a second mei 
space, 
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stored in said second 



wherein said inner cylinder has a locking por- 

5 tion, formed at said front end thereof, for preventing 
said first gasket from slipping off from said opening 
formed at said front end of said inner cylinder; and 
a rib and/or a groove extending from an inner sur- 
face of said front end of said inner cylinder in an 

10 axial direction thereof to form a medicine duct for 
introducing said second medicine into said first 
space, when said first gasket moves to said front 
end of said inner cylinder; and said inner cylinder 
moves automatically toward said rear end of said 

15 outer cylinder owing to a rise of a pressure inside 
said first space caused by a flow of said second 
medicine Into said first space which occurs as a re- 
sult of a movement of said second gasket and a 
movement said first gasket to said front end of said 

20 inner cylinder caused by a pressing force applied to 
said second gasket, and 

said outer cylinder has a rib and/or a groove 
extending axially from an inner surface of said front 
end of said outer cylinder to form a medicine duct 

25 for flowing a mixed solution formed by mixing said 
first medicine and said second medicine with each 
other in said first space to a position located forward 
from said slidable gasket, when said slidable gasket 
moves to said front end of said outer cylinder. 

30 

13. A pre-filled syringe according to claim 12, wherein 
said slidable gasket has a higher sliding resistance 
than said first gasket and said second gasket. 

35 14. A pre-filled syringe according to claim 12, wherein 
said outer cylinder has a front-side movement pre- 
vention portion for said slidable gasket formed on 
said inner surface thereof such that said front-side 
movement prevention portion is located at said rear 

40 end portion of said rib or said groove or at a position 
rearward from said rib or said groove. 

15. A pre-filled syringe according to daim 12, further 
comprising a removable inner cylinder movement 
45 prevention portion which prevents said inner cylin- 
der from moving toward said front end of said outer 
cylinder, when said plunger attached at said rear 
end of said second gasket is pressed. 

50 16. A pre-filled syringe according to any one of claims 
12 through 15, wherein said third gasket has an an- 
nular construction having an annular lip portion 
which contacts an inner peripheral surface of said 
outer cylinder. 
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17. A pre-filled syringe according to any one of claims 
12 through 16, wherein a plurality of said ribs and/ 
or said grooves provided to said inner cylinder are 
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formed. 
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18. A pre-filled syringe according to any one of claims 
12 through 17. wherein a plurality of said ribs and/ 

or said grooves provided to said outer cylinder are 5 

formed. 

19. A pre-filled syringe according to any one of claims 
12 through is. wherein said inner cylinder and said 
plungerhave an engaging mechanism, respectively io 
such that said engaging mechanisms engage each 
other, when said plunger installed on said second 
gasket is pressed into said inner cylinder in such an 
extent that said plunger cannot be moved forward 
further therein and prevent a reanward movement is 
of said plunger, respectively. 

20. A pre-filled syringe according to any one of claims 
12 through 19. wherein said first medicine is a so- 
lution or a powder, and said second medicine is a 20 
solution. 

21. A pre-filled syringe according to any one of claims 
12 through 20. wherein said inner cylinder has a 
desiccant stored between said front end of said in- 25 
ner cylinder and said first gasket and has an inter- 
ception portion, disposed at its front end. for pre- 
venting said desiccant from flowing into said outer 
cylinder. 



22. A pre-filled syringe according to claim 21 , wherein 
said desiccant is water-insoluble. 
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